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Abstract
Background: The application of fluoride as preventing caries still raises the pros and 
contras among scientists. Theobromine that is contained in cocoa is potentially element 
to preventing caries. Therefore, no data about differences hardness in the enamel surface 
using standard fluoride application and theobromine. Objective: The aim of this study 
is to analyze the differences hardness between fluoride and theobromine application 
on enamel surfaces. Materials and Methods: This study compares values before and 
after intervention in enamel was conducted in June 2013 at the Faculty of Mechanical 
Engineering University of Syiah Kuala. Specimens were 42 premolars collected from 
extracted tooth for orthodontic treatment in Banda Aceh. Specimens divided into two 
groups: Theobromine 2% and fluoride 2%. The hardness measurements calculated by 
Shimadzu HMV2 Hardness Tester. Data analyzed by paired sample t-test Microsoft 
Excel Analyse-it version 3.20. Result: The hardness number in Fluorosis-before and 
after was 321.33 Vickers hardness number (VHN) versus 355.48 VHN. The hardness 
number in theobromin before and after was 319.99 VHN versus 341.14 VHN. The 
comparison test showed significant level (P < 0.05). Conclusion: application of fluoride 
and theobromine are equally able to increase the hardness of the enamel surface. 
Furthermore, the hardness of the enamel surface by fluor application is higher than the 
theobromine.
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Introduction
Dental caries is the most common infectious disease affecting 
humans. The principal causative agents are a group of 
streptococcal species that Streptococcus mutans are the most 
important agents of human caries.[1] According to Kidd (1992) 
there is four factors that responsible for dental caries, namely 
microorganisms, substrates, host, as well as time. To be noted, 
all these factors must work simultaneously.[2] Dental caries 
has become a disease that spread through the world, at almost 
95% of the world’s population suffers from dental caries while 
the incidence of dental caries in Indonesia reached at relatively 
high rate, i.e., 90.05%.[3] In order to treat this problem, required 
precautions can be done by effective, efficient, and affordable 
caries prevention methods and materials.
The most successful caries-preventive agent is fluoride. 
Fluoride improves the biological apatite and the caries resistance 
of the teeth. However, the systemic fluoride administration was 
necessary for maximum benefit. Now-a-days, caries reduction, 
therefore, has to be balanced against increasing dental fluorosis. 
The caries resistance concept was shown to be erroneous 25 years 
ago, but the new paradigm is not yet fully adopted in public 
health dentistry, thus scientist still await real breakthroughs in 
more effective use of fluoride for caries prevention.
Fluor is an important element in the formation of teeth and 
bones. Fluor joined with other elements forming the compounds 
of fluoride. Fluoride compounds were used in the prevention of 
dental caries at long time ago. Effectiveness of fluoride has been 
proven enhance the process of tooth remineralization and widely 
used commercially by the public and dentists in the form of 
toothpaste, mouthwash, and even chewing gum.[4] In improving 
dental health, fluoride compounds have been extensively applied, 
and its effectiveness has been recognized. The use of compounds 
of fluoride can be done systemically, The American Dental 
Hygienist’s Association recommends the use of 1 ppm fluoride 
in drinking water,[5] whereas according to the American Dental 
Association the safety level of topical application of sodium 
fluoride is a 2%, stannous fluoride 8%, and acidulated phosphate 
fluoride is 1.23%.[6,7]
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Furthermore, fluoride is widely used in caries prevention. In 
fact, the application of fluoride still raises the pros and contras 
among scientists. Other element that can be used preventing 
caries is theobromine that is contained in cocoa. The main reason 
of this debate is if fluoride not restricted will harm the tooth, 
named fluorosis.[8] Whereas, the excessive use of theobromine 
application will cause nothing. Sadeghpour, (2007) stated that 
the cocoa extract is more effective than fluoride in reducing 
dental caries in animal model. Same as fluoride, theobromine 
can prevent demineralization and improve resilience of tooth by 
acid.[9]
In 2002, Nakamoto proved that the theobromine can 
increase the size of apatite crystals and increase resistance of 
tooth to acid dissolution.[10] Previous research stated by the 
microhardness values, a consistent and remarkable protection 
of the enamel surface was found with the application of 
theobromine 200 mg/l.[11] The conclusion is fluoride and 
theobromine increased resistance of enamel to acid dissolution 
as well as influence the hardness of enamel surface.
Therefore, no data about differences hardness in the enamel 
surface using standard fluoride application and theobromine 
as the potential prevention of caries. The hardness is one of 
the mechanical properties of the material. One of the tools 
for measuring the surface hardness is by using micro-Vickers 
hardness test. Based on the previous report, the Vickers hardness 
number (VHN) of enamel hardness was varied. Graspersic 
report enamel hardness in occlusal is 359.5 to 424.3 VHN.[12] 
Ryge reported enamel hardness ranges from 254 to 348 VHN, 
while Reyes-Gasga reported rates of enamel hardness is 254-
383 VHN.[13] Based on the problems, the aim of this study 
is to analyze the differences hardness between fluoride and 
theobromine application on enamel surfaces as the alternative 
caries prevention.
Materials and Methods
This paired study compare values before and after intervention 
in enamel was conducted in June 2013 at the Laboratory of 
the Department of Dental Materials Dentistry University of 
Indonesia. Specimens were 42 premolars that collected from 
extracted tooth for orthodontic treatment from various dentistry 
clinics in Banda Aceh. Specimens were free from caries, abrasion, 
and fluorosis. Specimens collected in 6 month (1 October 
2012-April 2013). Sample size determination by equation: 
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where s is the standard deviation, d is the difference 
to be detected, and C is a constant dependent on the value of α 
and β selected. C can be determined from two levels of α and β. 
Note that for α = 0.05 and 1-β = 0.9, C is 10.51 if s is 3, d is 2, then 
each group is 21 specimens. Cocoa powder collected from farmer 
in Aceh-Indonesia as much as 0.2 g dissolved in 1 L aquades 
to obtain a concentration of 2% and Fluoride as much as 0.2 g 
powder was dissolved in 1 L aquades to obtain a concentration 
of 2%. All specimens divided randomly into two groups 
theobromine 2% and fluoride 2%. The specimens were cut at the 
cervical part to separate the crown and roots. Specimens were 
then embedded in acrylic molds with a diameter of 5 mm and a 
height of 2 mm; with the buccal tooth surfaces are parallel to the 
diameter of the mold. The buccal of enamel surface was grinding 
by silicon carbide no. 1000 and 1200 and placed in the grinding 
and polishing machine. Controlling the loss of enamel surfaces 
were by microscope observation. Enamel polished with 0.2 and 
0.5 µ alumina liquids and washed with aquades.[14] Specimens 
were separated and marked based on the group.
Both groups immersed in distilled water for data before 
and Group 1 was immersing in theobromine 2% and Group 2 
in fluoride 2% for data after. Immersed time is 5 min with 
a frequency of treatment as much as 24 times. Immersed 
conducted by assuming 5 min is the minimum time to consume 
the chocolate, and hence the amount of consumption for 
6 months is 24 times.[4,7] Furthermore, the surface hardness 
measurements were taken and recorded. Enamel surface 
hardness measurements using Shimadzu HMV2 Hardness 
Tester. Each specimen was measured three times to have 
the average hardness numbers. Analysis of hardness number 
conducted by paired t-test analysis in Microsoft Excel Analyze-it 
version 3.20.
Results
The normality data test using Shapiro-Wilk showed all data 
normal (P > 0.05). The mean of hardness number in fluoride-
before was 321.33 VHN (range: 320-323 VHN) and after was 
355.48 VHN (range: 351-358 VHN). The mean of hardness 
number in theobromine before was 319.99 VHN (range: 
319-321 VHN) and after was 341.14 VHN (Range: 340-342 
VHN). Result showed fluoride groups have higher hardness 
number than theobromine group. The comparison test by t-test 
study between theobromine and fluoride showed significant 
level (P < 0.05). The hardness number of each group can be seen 
in Table 1.
Discussion
Based on research results obtained those surface hardness 
numbers were varies in enamel. Each group showed an increase in 
the value of surface hardness number of enamel after treatment. 
These results indicate that the fluoride have better improve the 
hardness of the enamel surface compared with the control and 
theobromine.
Enamel was structured by enamel rod that formed by crystal 
apatite.[14] Apatites have the general formula, Ca
10
(PO
4
)6X2 
where X is typically fluor (fluorapatite [FA]), hydroxyapatite 
(OH), or chlorapatite (Cl).[15,16] The apatite lattice is very 
tolerant by substitutions, vacancies, and solid solution. Thus, the 
element of OH in the structure can be substituted by the fluor.[17] 
There is an additional element of fluoride on enamel causing 
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substitution of hydroxyl ions (OH) by Fluor ions to forming 
FA.[17] There are two types of interaction with the fluorapatite. 
Fluor, join in the crystal lattice structure and bound to the crystal 
surface. Fluor ion has the ability to diffuse through the hydration 
shell that surrounds each crystal of HA as a result fluoride can 
replace the OH group on the surface. Furthermore, fluor ions 
can migrate into the crystal body and become one with the 
framework of the interior lattice of hydroxy apatite. Fluor that 
enters the crystal lattice can cause changes in shape and physical 
properties of crystals.
Fluor will replace the OH group on the surface of the crystal, 
but not all the OH replaced with Fluor, consequently formed 
hydroxy FA.[17] Donadel[18] reported the enamel structure, which 
formed by FA demonstrate different structure than HA. Most 
of fluoride will diffuse back out and a small portion settled and 
reacts with HA to form several chemical compounds depending 
on the condition.[19] Both interactions play a significant role in 
the process of apatite solubility.
OH is an element contains water and easily dissolved and 
fluor ions that replacing OH known as gaseous atom. In the 
periodic table shows that the position of the F atom is more to 
the right compared with O and H and hence that the ionization 
energies are generally more greater.[16] The ionization energy 
is required to remove electrons from an atom. The ionization 
energy value of O is 1362 kJ/mol and H is 1360 kJ/mol, whereas 
the value of Fluor is more greater (1742 kJ/mol).[16,19]
In c-axis the position of ion Fluor is higher than the position 
of OH ions thus Fluor can increase the stability of the apatite 
structure. Consequently, Fluor is more stable than OH to form 
a stronger structure.[12] According calderyn,[20] OH position 
on the c-axis is between ¼ and ⅓ c-axis, while the position of 
F ions in the upper triangle is ¼ of central of Ca atoms. The 
position of F ions is higher resulting in elongation of the cell unit 
of c-axis of apatite. This phenomenon indicated as attempting 
stability of apatite crystal to decrease of interatomic bonding and 
minimalism the effect of microstrain in apatite crystal atoms.[17]
The theobromine analyzed showed an increase in surface 
hardness of the enamel surface. theobromine can increase 
the surface hardness of enamel by the reaction of interstitials. 
William stated in cell unit of apatite crystal is micro tunnel with 
a diameter ± 176 pm. It possible to smaller ion can pass the 
tunnel to generating the interstitial reaction of theobromine 
ions on apatite crystals. The molecular formula for theobromine 
is C
7
H
8
N
4
O
2
.[21] Some ions in theobromine (C = 170 pm, N = 
152 pm, and H = 152 pm) have smaller than the diameter of 
micro tunnel.[17] The substitution of other ions on apatite crystal 
will change the physical properties of apatite itself. The dense 
arrangement of apatite crystals will reduce or minimize the 
appearance of forces between adjacent atoms. Consequently, 
it has required greater force to separate all atoms that arranged 
the crystal.[17] Indirectly this will increase the density of apatite 
crystal and make it more difficult to break. In the macroscopic 
case is seen as an increasing of enamel surface hardness.[11,17]
Based on the results is concluded that the application of 
fluoride and theobromine are equally able to increase the 
hardness of the enamel surface. Furthermore, the hardness 
of the enamel surface by fluor application is higher than the 
theobromine.
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